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- — (57) Abstract: An electric machine comprises a core (10) of magnetic material and a first insulating layer (14) of a solid electrically 
£2 insulating material surrounding the core. A high-voltage winding (17) in the form of nn electric conductor is wound around a first 

part (16) of the first insulating layer and a field-equalizing member (19) is arranged around a second pari (18) of the first insulating 
Q layer Further, a second insulating layer (20) of a solid electrically insulating material surrounds the high- voltage winding and the 

field-equalizing member. The field-equalizing member comprises at least one first sub -member in the form of a winding (27, 28, 37, 
^ 38), and an electric cable conductor (31) is intended to be connected to the high-voltage winding at the field-equalizing member. 
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Technical field 

5 The present invention relates to an electrical machine com- 
prising a core of a magnetic material and a high-voltage win- 
ding in the form of an electric conductor wound around a 
first part of the core. The present invention also relates to 
use of an electrical machine according to the above. 

10 

Background of the invention 

Electrical machines comprising a high-voltage winding are 
used to a large extent in various applications in networks 
15 for transmission and distribution of electricity. Examples of 
non-rotating machines of this kind are transformers and reac- 
tors . 

High voltage in this context means voltages in excess of 1 
20 kV. 

In addition to comprising a high-voltage winding, known 
transformers also comprise a low-voltage winding, and conven- 
tionally the high-voltage winding and the low-voltage winding 

2 5 are arranged around a core of magnetic material. Further, in- 
sulating layers are arranged at least between the core and 
one of the windings and also between the windings. The insu- 
lating layers often consist of paper impregnated with oil. 
One disadvantage of these prior art insulating layers is that 

30 they have to be made thick to function satisfactorily. 

Another disadvantage of handling such layers is that it en- 
tails a risk of contamination. These problems can be avoided 
by using solid insulating layers. One example of a transfor- 
mer with solid insulation is described in the international 

35 application with publication No. WO 97/45847. This transfor- 
mer has a cable wound around a core of a magnetic material . 
The transformer solves the problem of leakage of oil that is 
hazardous to the environment. The same technique may be used 
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for manufacturing other non-rotating electrical machines, 
such as, for example, reactors. 

In many cases there is a relative* shortage of space at the 
5 locations where a transformer is to be placed. This is true, 
for example, in those cases where the transformer is to be 
placed in a densely populated area or inside a building. In 
such cases, it would be desirable to have a less bulky trans- 
former or a transformer with a geometrical shape that is 
10 adapted to the space available. The transformer may then, for 
example, be located in an existing cable channel, along a 
wall, or below a roof. In many cases, it is also desirable to 
provide a transformer with a lower weight, for example when 
the transformer is to be placed on top of a power-line pylon. 

15 

When distributing current to private dwellings, it is desira- 
ble to step down the voltage to ordinary mains voltage as 
late as possible to minimize the losses. Usually, the voltage 
is then stepped down from a voltage of the order of magnitude 

20 of 10 kV to 400 volts. In many countries, it is customary to 
place such transformers at the top of a pylon. However, be- 
cause of the size of the transformers, there is a risk that 
they may blow down, which results in costs as well as mainte- 
nance and repair work. Also in this case, it is desirable to 

25 minimize the size of the transformer. 

In many cases, it is desired to connect a cable to the high- 
voltage winding on a transformer according to the above. Such 
a cable conventionally comprises a conductor surrounded by an 
3 0 insulation. The connection of the high-voltage winding to the 
electric cable may be performed in many different ways. How- 
ever, it is important to avoid high electric fields during 
the connection, since these could lead to electrical break- 
down. 

35 

Thus, there is a need of an electrical machine with smaller 
dimensions or with a geometrical shape different from that of 
currently used machines, so that the above-mentioned problems 
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can be avoided while at the same time avoiding high electric, 
fields when connecting a cable to the high-voltage winding. 

One example of an electrical machine that solves many of the 
5 above-mentioned problems is described in applicant's Swedish 
application 0003037-9 (not published) , which is incorporated 
herein by reference. 

In applicant's above-mentioned application 0003037-9, the 

10 connection of the cable is made by inserting the cable be- 
tween the insulating layers of the transformer, whereby the 
cable conductor is connected to the high-voltage winding. A 
problem that arises when making such a connection is the high 
electric field that may arise in the region where the high- 

15 . voltage winding is terminated and where the insulation of the 
transformer changes into the insulation of the cable, that 
is, in the cable termination. This high electric field may 
result in electrical breakdown to the outside of the trans- 
former. To control the electric field in the cable termina- 

20 tion region, the first and second insulating layers of the 
transformer have therefore been provided with so-called co- 
rona protection layers in the region for the cable connec- 
tion. These layers have a non-linear resistivity as a func- 
tion of the electric field, and their function is to equalize 

25 the electric field. In certain applications, for example in 
applications with high-voltage distributions with steep vol- 
tage derivatives at high frequencies, it would, however, be 
desirable to have an alternative to the corona protection 
layers. The reason for this is that heat is built up in the 

30 layers while at the same time the voltage distribution varies 
for different frequencies. 

Thus, there is a need of an electrical machine with a design 
that differs from that of currently used machines, so that 
35 the problems mentioned above can be avoided also in high- 
voltage applications with steep voltage derivatives at high 
frequencies . 
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Summary of the invention 

It is an object of the present invention to provide an elec- 
trical machine that solves at least one of the problems dis- 
5 cussed above. 

It is another object of the present invention to provide an 
electrical machine comprising a high-voltage winding that 
allows a flexible location and that allows connection of an 
10 electric high-voltage cable without high electric fields 

arising in the high-voltage cable when an electric high vol- 
tage is applied to the electric machine. 

It is a further object of the present invention to provide a 
15 use of an electrical machine according to the invention. 

At least one of these objects is achieved with an electrical 
machine and a use according to the appended claims. 

20 An electrical machine according to the invention comprises a 
core of a magnetic material, a first insulating layer of a 
solid electrically insulating material surrounding the core, 
a high-voltage winding in the form of an electric conductor 
wound around a first part of the first insulating layer, a 

25 field-equalizing member arranged around a second part of the 
first insulating layer, and a second insulating layer of a 
solid electrically insulating material surrounding the high- 
voltage winding and the field-equalizing member. The field- 
equalizing member comprises at least one first sub-member in 

3 0 the form of a winding. An electric cable conductor is inten- 
ded to be connected to the high-voltage winding at the field- 
equalizing member. 

The electrical machine according to the invention preferably 
3 5 comprises, in addition to a first sub-member, also a second 
sub-member in the form of a winding. 

In those cases where the machine only comprises a winding, 
the machine is formed so as to surround both the core and the 
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cable conductor when it is connected to the high-voltage 
winding . 

By providing a field-equalizing member in the form of wind- 
5 ings, it is possible to avoid electrical flashover when con- 
necting a cable to the machine. 

By using a solid insulating material, it is possible to have 
a considerably smaller distance between the high-voltage win- 
10 ding and the core. This makes possible a considerably smaller 
electrical machine than what is possible with other types of 
insulating material, or a machine with considerably better 
efficiency. 

15 The insulating layers preferably consist of polymer tubes. 
This permits the tubes to be manufactured in a continuous 
process by extrusion, which is a well-established manufactu- 
ring technique. Alternatively, the insulation may be extruded 
directly towards the core. 

20 

With electrical machines such as, for example, with trans- 
formers having an insulation of the type described above, 
problems sometimes arise, as mentioned above, in the form of 
a high electric field when connecting an electric conductor. 

25 The field-equalizing member in the electrical machine accor- 
ding to the present invention permits control of the electric 
field in the connection region so that the field does not be- 
come too high, thus avoiding electrical breakdown. This means 
a considerably safer connection between the transformer and 

3 0 the cable, thus greatly reducing the risk of electrical 
breakdown . 

The electric conductor is preferably wound around the core in 
a substantially tangential direction in relation to the lon- 
35 gitudinal axis of the core. 

The core preferably has a substantially cylindrical shape, 
and advantageously a substantially circularly cylindrical 
shape. This results in the insulating layers preferably 



8/20/2007, EAST Version: 2.1.0.14 



WO 03/063187 PCT/SE03/00101 

6 

having a circular cross section. For practical reasons, 
however, the shape of the core, and hence also of the insu- 
lating layers, may deviate from this shape. The core is ad- 
vantageously built up of a plurality of plates to avoid eddy 
5 currents in the core. 

An electrical machine according to the present invention 
preferably has the first sub-member wound so that it adjoins 
the outside of the first insulating layer and the second sub- 

10 member wound so that it adjoins the inside of the second 

insulating layer. Since the insulating layers, as mentioned 
above, preferably have circular cross sections, this means 
that the two sub-members also preferably have circular cross 
sections. Further, it can be mentioned that, since the two 

15 insulating layers are arranged around the core in spaced 
relationship to each other, the two sub-members are also 
arranged in spaced relationship to each other. The two sub- 
members preferably have the same potential and each of them 
pulls apart the electric field in an axial direction. 

20 

According to one embodiment, the first and second sub-members 
in an electrical machine according to the present invention 
are each connected to ground at one end. By connecting one 
end of the sub-members to ground, the potentials for the sub- 
25 members are linked to each other such that the potential for 
the sub-members is the same in the same position in the lon- 
gitudinal direction of the machine. 

According to another embodiment, said first and second sub- 
3 0 members are each connected to a high-voltage winding at one 
end. 

Preferably, the sub-members are each connected to a ground 
connection at a first end and to a high-voltage winding at a 
35 second end to avoid large voltage derivatives at the ends. 

To be able to use the electrical machine, an electric cable 
conductor must be connected to the high-voltage winding. The 
connection of the high-voltage winding to the electric con- • 
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ductor may be made in many different ways. An electric cable, 
conductor that is connected to the high-voltage winding is 
preferably surrounded by a third insulating layer of an elec- 
trically insulating material. The* conductor is partly arrang- 
5 ed between the first and second insulating layers, that is, 
preferably between said first and second sub-members. 

When the electrical machine according to the present inven- 
tion is connected to an ac voltage, there is a magnetic flux 
10 in the core. The magnetic flux may be used in connection with 
an inductive field-equalizing member to control the electric 
field. In that case, the fact that a voltage is induced 
across a loop, which occurs in a magnetic field, is made use 
of. 

15 

The field-equalizing member is preferably integrated with the 
electrical machine. 

According to one embodiment, the field-equalizing member, in- 
20 stead of being integrated with the electrical machine, may 
constitute one unit with the cable, this unit being inserted 
into the transformer when connecting the cable. 

For the best possible inductive control of the electric 
25 field, the number of winding turns for said first and second 
sub-members is preferably the same. 

Further, the number of winding turns for said first and se- 
cond sub-members according to a preferred embodiment of the 

3 0 present invention is chosen so that the voltage induced 

across each sub-member becomes the same as that across the 
high-voltage winding. This means that the number of winding 
turns for the high-voltage winding is the same as for the two 
sub-members. Since the magnetic flux in the core is common to 

35 the two sub-members, each turn therein will have the same 

turn voltage. This results in an essentially linearly decrea- 
sing voltage distribution in the connection region while at 
the same time resistive power losses are avoided because of a 
net voltage in the sub-members. 
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The sub-members preferably each comprise a lacquered wire. 

For that reason, it is possible to use ordinary electric wire 
in the sub-members . 

5 An alternative to the preferred embodiment above, in which 
the field-equalizing member is inductive, is to use a capaci- 
tive field-equalizing member. 

In the case of the capacitive field-equalizing member, said 
10 first and second sub-members preferably each comprise a tape 
wound in overlapping turns so that a capacitive coupling is 
formed between each turn. The electric field can then be con- 
trolled by distributing the voltage across the turns so that 
it is reduced as the distance from the high- voltage winding 
15 increases. 

In a capacitive field-equalizing member according to the 
present invention, the tapes can be wound in different ways 
to achieve different pitches for different parts of the sub- 
20 members. The tapes are preferably wound so that a substan- 
tially linear voltage distribution is achieved over the 
length of the sub-members, which means that the voltage 
across each turn is of the same magnitude. 

25 For the field-equalizing member to function capacitively , 

tapes comprising an insulating film and a semiconducting film 
are preferably used. According to a preferred embodiment, the 
insulating film is arranged on top of the semiconducting 
film. When a tape with that construction is wound in over- 

3 0 lapping turns, a winding is obtained consisting of semicon- 
ducting regions separated by insulating regions. 

However, a capacitive winding according to the above will 
also function as a coil. To avoid resistive losses, the 
3 5 number of winding turns in the sub-members must therefore be 
adapted to the number of winding turns in the high-voltage 
winding in the same way as in the case of the inductive 
field-equalizing member. The number of winding turns in the 
high- voltage winding is, however, large. For that reason, the 
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sub-members in the capacitive field-equalizing member will be 
so space-demanding that it will be impracticable, and there- 
fore the inductive field-equalizing member is to be preferred 
to the capacitive one, 

5 

An alternative to the tape according to the above is a tape 
comprising a metallized film with regular interruptions in 
the metallization in the longitudinal direction of the film. 
With a tape according to this embodiment, no resistive losses 
10 occur, so this kind of metallized film is to be preferred to 
an insulating film on top of a semiconducting film. 

When manufacturing the electrical machine, it is difficult to 
avoid air pockets between each of the insulating layers and 

15 the high-voltage winding. If there are air pockets, corona 
will arise, which in course of time may break down the insu- 
lating layer. This is a problem that arises primarily at vol- 
tages in excess of 1-2 kV and in particular at voltages in 
excess of 10 kV. One way of avoiding the problem is to use, 

20 in the insulating layers, a material that withstands corona. 
However, it is difficult to find materials that are resistant 
to corona while at the same time having a high electrical 
strength. 

25 To derive the greatest possible advantage from the fact that 
a solid insulating material is used also at high voltages, it 
is therefore advantageous for the electrical machine also to 
comprise a first semiconducting layer that is in contact with 
and surrounded by the first insulating layer, a second semi- 

30 conducting layer provided between the first insulating layer 
and the high-voltage winding in contact with both the first 
insulating layer and the high-voltage winding, a third semi- 
conducting layer provided between the second insulating layer 
and the high-voltage winding in contact with both the second 

35 insulating layer and the high- voltage winding, and a fourth 
semiconducting layer that is in contact with, and surrounds, 
the second insulating layer. 
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For the best possible function, it is important that the se-. 
reconducting layers be in contact with the respective insu- 
lating layers. 

5 When, an electrical machine according to the present invention 
is connected to a voltage source that delivers a voltage with 
steep voltage derivatives, the voltage distribution across 
the high-voltage winding becomes greatly non-linear. The rea- 
son for this is that those turns of the high-voltage winding 
10 that are closest to the voltage connection must take up a 
very large part of the total voltage. For this reason, the 
electrical machine according to the present invention is pre- 
ferably provided with a flux-shielding member, the task of 
which is to control the magnetic flux in the core. 



15 



20 



The flux-shielding member surrounds the core and is prefera- 
bly arranged between the core and the first insulating mem- 
ber, preferably between the core and the first semiconducting 
member . 



The flux-shielding member preferably comprises a tube of an 
electrically conducting non-magnetic material, the tube being 
arranged inside the first insulating layer and surrounding 
and being in contact with or adjacent to the core. When the 

25 electrical machine is loaded with a voltage, a current moves 
through the high-voltage winding and there is a magnetic flux 
in the core. Induced currents are formed in the tube and 
these currents prevent the magnetic flux from leaking out of 
the core and force it to follow that part of the core which 

30 is surrounded by the tube. This results in an essentially 
linear distribution of the voltage across the core. 

The tube that surrounds the core, preferably has a slit along 
the entire length of the tube to prevent the electrical 
3 5 machine from being short-circuited. 

The above-mentioned tube is preferably of aluminium since 
aluminium has the necessary properties described above and, 
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in addition, is light and ductile. However, the tube could be 
of any other non-magnetic metal, such as copper. 

Preferably, a slit-insulating film of an electrically insu- 
5 lating material is arranged in the above-described slit in 
the tube, in order to ensure that no electrical contact may 
arise between the longitudinal, slitted edges of the tube if 
the slit is compressed. The material is, for example, some 
electrically insulating plastic. Further, a metal foil of a 
10 non-magnetic metal is preferably arranged over said slit and 
slit-insulating film to prevent a local flux leakage at the 
slit. The metal foil is in contact with the tube on one of 
the sides of the slit. 

15 The metal foil is advantageously at least as thick as the 
depth of penetration at the frequency in question. 

It is advantageous for the overlap to be so large that the 
leakage at the slit is minimized. 

20 

According to an advantageous embodiment, the metal foil sur- 
rounds between 10% and 25% of the circumference of the elec- 
trical machine. 

25 From the point of view of leakage, there is little to* gain in 
allowing the metal foil to surround more than 25% of the cir- 
cumference of the electrical machine. 

An electrical machine with three parallel cores and windings 
30 according to the invention may advantageously be used for 
transformation of three-phase high voltage into mains vol- 
tage . 

According to one embodiment, an electrical machine according 
35 to the invention is used, operating under a square voltage, 
as in applications with high-voltage direct current. 

According to another embodiment, an electrical machine accor- 
ding to the invention is a reactor. 
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The above characteristic features may, of course, be combined 
in the same embodiment. 

To further illustrate the invention, detailed embodiments of 
5 the invention will be described in the following. However, 

the invention should not be considered to be limited to these 
embodiments . 

Brief description of the drawings 

10 

Figure 1 shows an electrical machine with three interconnec- 
ted cores according to a preferred embodiment of the present 
invention. 

15 Figure 2 is a cross-section view at A of part of the electri- 
cal machine according to the preferred embodiment of the pre- 
sent invention shown in Figure 1. 

Figure 3 is a cross-section view at B in Figure 2. 

20 

Figure 4 shows the connection of a cable to an electrical 
machine according to the preferred embodiment of the present 
invention. 

25 Figure 5 is a view corresponding to that of Figure 3 for an 
alternative embodiment of the present invention. 

Figure 6 is an enlargement of a feature in Figure 5. 

3 0 Figure 7 illustrates how a flux shield according to a pre- 
ferred embodiment of the present invention functions. 

Figure 8 shows the flux shield according to the preferred 
embodiment . 

35 

Figure 9 shows the connection of a cable to an electrical 
machine according to an alternative embodiment of the present 
invention when the field-equalizing member only comprises a 
sub-member . 
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Figure 10 shows the connection of a cable to an electrical 
machine according to an alternative embodiment of the present 
invention. 

V 

5 Figure 11 shows an embodiment of the present invention, 

wherein the field-equalizing member constitutes one unit with 
the cable. 

Description of the preferred embodiments 

10 

Figure 1 shows an electrical machine according to a preferred 
embodiment of the present invention in the form of a three- 
phase transformer 1 comprising three single-phase transfor- 
mers 2, 3, 4. The cores 5 of the single-phase transformers 

15 are connected to yokes 6, 7 at both ends. High-voltage cables 
9 are connected to high-voltage windings in the single-phase 
transformers and low-voltage cables 8 are connected to low- 
voltage windings in the single-phase transformers. The trans- 
former in Figure 1 is considerably more elongated than con- 

20 ventional transformers and may therefore be located in long 
and narrow spaces, such as cable channels and the like. 

Figure 2 shows a cross section of one of the single-phase 
transformers 2, 3, 4 at A in Figure 1. Figure 3 shows a cross 

25 section of the same single-phase transformer at B in Figure 
2. The transformer is a high-voltage transformer operating 
under a square voltage. The single-phase transformer compri- 
ses an iron core 10 that is built up of a plurality of sheets 
11 extending in the longitudinal direction of the iron core 

30 perpendicular to the plane of the figure. For the sake of 
clarity, only one sheet 11 is shown in Figure 2. The iron 
core 10 is surrounded by a flux shield in the form of an 
aluminium tube 12, the function of the flux shield being to 
control the magnetic flux in the core. A first semiconducting 

35 layer 13 surrounds the aluminium tube 12. The layer 13 is 
surrounded in its turn by a first insulating layer 14 of a 
polymer. A first part 16 of the first insulating layer 14 is 
surrounded by a second semiconducting layer 15, and around 
this layer a high-voltage winding 17 in the form of an elec- • 



8/20/2007, EAST Version: 2.1.0.14 



WO 03/063187 PCT/SE03/00101 

14 

trie conductor is wound. The high-voltage winding 17 prefer-, 
ably consists of a lacquered copper wire. Around a second 
part 18 of the first insulating layer 14, a field-equalizing 
member 19 is arranged. The function of the field-equalizing 
5 member 19 is to control the electric field in the termination 
of the transformer, that is, the region where an external 
connection cable is to be connected, and this region has no 
high-voltage winding. The high-voltage winding 17 is coated 
with a third semiconducting layer 21. The field-equalizing 

10 member 19 and the third semiconducting layer 21 are in their 
turn surrounded by a second insulating layer 20 of a polymer, 
this layer being coated with a fourth semiconducting layer 22 
on its outside. In this embodiment, the second insulating 
layer 20 is chamfered in the region for the termination 18 of 

15 the transformer, such that the thickness of the second insu- 
lating layer decreases with the distance from the high- 
voltage winding, which facilitates the connection of an ex- 
ternal connection cable. However, there are several other 
possible embodiments of the second insulating layer. Accor- 

20 ding to one embodiment, it has a uniform thickness and is 

extended when connecting the cable. A low-voltage winding 23 
and an additional insulating layer 24 are arranged outside 
the fourth semiconducting layer 22. 

25 The function of the semiconducting layers 13, 15, 21, 22 is 

to equalize the electric field. The semiconducting layers are 
arranged as integrated parts of the first insulating layer 
and the second insulating layer, respectively. They have a 
surface resistance in the interval of 10 5 to 10 8 Q. This re- 

3 0 suits in a sufficiently high conductivity for equalizing the 
electric field while at the same time preventing too great 
losses . 

The polymer in the insulating layers is, for example, sili- 
3 5 cone rubber. The insulating layers are adapted to the voltage 
for which the transformer is designed, and are in this case 
approximately 10 mm thick when the transformer is designed 
for 50 kV. The semiconducting layers consist of the same kind 
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of polymer as the insulating layers, the polymer having be- . 
come semiconducting by mixing soot particles into it. 

In the embodiment in Figure 3, the termination is inductive. 
5 The field-equalizing member 19 consists of two sub-members in 
the form of thin lacquered wires 25, 26 forming windings 27, 
28 around the core. The windings 27 and 28 are wound in the 
same number of turns around the core.' One of the wires, 25, 
is wound so that the resultant winding 27 adjoins the outside 

10 of the first insulating layer 14. The other wire 26 is wound 
so that the resultant winding 28 adjoins the inside of the 
second insulating layer 20. According to a preferred embodi- 
ment, the windings 27, 28 are cast in silicone so that each 
of them forms a tubular member. These members are preferably 

15 inserted around the core so that they will make contact with 
the outside of the first insulating layer and the inside of 
the second insulating layer, respectively. The two windings 
27, 28 have the same potential and each of them pulls apart 
the electric field in an axial direction. 

20 

Since the second insulating layer is chamfered, the distance 
between the two windings varies with the distance from the 
high-voltage winding. This means that there is a space 29 
between the two windings that is largest where the thickness 

25 of the second insulating layer is smallest. After the connec- 
tion of a cable to the transformer, that is, after a cable 
has been inserted between the first and second insulating 
layers, the space 29 around the cable is sealed by casting to 
avoid flashover. One end 25a, 26a of each of the lacquered 

3 0 wires 25 and 26, respectively, is connected to ground and the 
other end 25b, 26b is connected to the high-voltage winding 
17. According to one embodiment, the field-equalizing member, 
possibly in the form of the above-described tubular members, 
may, instead of being integrated with the transformer, form 

35 one unit with the cable, this unit being inserted into the 
transformer when connecting the cable. 

Figure 4 shows a connection cable 3 0 connected to the trans- 
former in Figures 2, 3. The connection cable 30 consists of 
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an electric cable conductor 31 that is surrounded by a third 
insulating layer 32. The conductor 31 is connected to the 
high-voltage winding 17 of the transformer and is arranged 
between the first and second insulating layers 14 and 20, 
5 respectively- The connection cable 30 has a circular cross 
section. Its insulating layer 32 is preferably chamfered so 
that the connection cable 30 has a conical shape at the end 
that is to be connected to the transformer so that it can be 
easily inserted into the space 29 between the first and se- 
10 cond insulating layers 14 and 20 of the transformer, that is, 
between the windings 27 and 28. 

When a connection cable is to be connected to a known trans- 
former, problems often arise in the form of the high electric 
15 field that arises in the region where the insulation of the 

transformer meets the insulation of the connection cable. The 
function of the field-equalizing member is to counteract this 
problem by controlling the electric field. 

20 When a voltage is applied to the transformer in Figure 4, a 
current passes through the high-voltage winding. This gives 
rise to a magnetic flux in the core and to a voltage being 
induced across the windings 27 and 28. In the field-equali- 
zing member in Figure 4, the number of winding turns , that 

25 is, the number of turns of wire wound around the core, is the 
same, for the two windings 27, 28 and the high-voltage wind- 
ing. This causes the voltage induced across each of the win- 
dings 27, 2 8 to be the same as the voltage across the high- 
voltage winding. Since the magnetic flux in the core is com- 

3 0 mon to the two windings, each turn in the windings 27 and 28 
will have the same turn voltage. This means that the voltage 
distribution in the region of the termination will decrease 
linearly with the distance from the high- voltage winding. 
This results in a low electric field in the space between the 

35 windings, as illustrated by the spaced-apart field lines 33. 

Figure 5 shows an alternative embodiment of the present in- 
vention in which the termination is capacitive. For the sake 
of clarity, several details are omitted in the figure. The 
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field-equalizing member 34 in this case consists of two tapes 
35, 36 that are wound in concentric, overlapping turns so as 
to form a capacitive coupling between each turn and windings 
37 and 38, respectively, are formed around the core. Just as 
5 in the above case, one of the tapes, 35, is wound so that the 
resultant winding 37 adjoins the outside of the first insu- 
lating layer 14, The other tape 36 is wound so that the re- 
sultant winding 38 adjoins the inside of the second insula- 
ting layer 20. The tapes are wound so closely that an essen- 
10 tially linear voltage distribution across the length of the 
windings is obtained, and they are connected to ground at one 
end and to the high-voltage winding at the other end. 

Figure 6 is an enlargement of the region within. the dashed 

15 circle 39 in Figure 5 according to one embodiment of the 

present invention. Figure 6 shows the resultant winding when 
a tape 40 has been wound in overlapping turns around the 
core, this tape consisting of a thin insulating film 41 that 
is arranged on top of a semiconducting film 42. The resis- 

20 tance for the semiconducting film 42 is chosen to be so low 
that the capacitive displacement currents do not contribute 
significantly to the generation of heat in the insulating 
layers. At the same time, the resistance is chosen to be so 
high that the turn voltage does not develop too much heat. 

25 The surface resistance for the semiconducting film is thus 

preferably greater than 10i2 and smaller than 1000£2. Alterna- 
tively, the tape may consist of a metallized film, for exam- 
ple a film coated with aluminium or zinc, this film being 
provided with regular interruptions in the coating in the 

30 longitudinal direction, so-called segmented metallization. 
With this last embodiment, all losses, such as leakage cur- 
rent, that are associated with the tape in Figure 6 are 
avoided. 

35 Figure 7a illustrates the function of the flux shield 12 in 
the preceding figures according to a preferred embodiment of 
the present invention. Figure 7b shows the result without the 
flux shield. To clarify the function, the figures are simpli- 
fied in such a way that some details, for example the semi- 
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conducting layers and the field-equalizing member, are omit-, 
ted. The figures have a core 43 which in Figure 7a is sur- 
rounded by a non-magnetic flux shield in the form of an alu- 
minium tube 44, which is omitted in Figure 7b. Instead, a 
5 first insulating layer 45' encloses the core in Figure 7b. A 
first insulating layer 45 encloses the aluminium tube and the 
core in Figure 7a. A high-voltage winding 46 and then a se- 
cond insulating layer 47 are then wound around the first 
insulating layers 45 and 45' in Figures 7a and 7b, respec- 

10 tively. The field lines 48 and 48" illustrate the magnetic 
flux distribution in the core with, and without, the flux 
shield 44 when the transformer is connected to a voltage 
source that delivers a voltage with steep voltage deriva- 
tives, for example a square wave. The steep voltage deriva- 

15 tives cause the voltage distribution across the high-voltage 
winding 46 to become greatly non-linear since those turns of 
the high-voltage winding that are closest to the voltage 
connection must absorb a very large part of the total vol- 
tage. When the transformer is loaded with a square pulse, a 

20 current 49 starts moving through the high-voltage winding. . 
This gives rise to a magnetic flux in the core, and this flux 
tends to leak out of the core. Figure 7b illustrates how a ■ 
magnetic sub-flux 50 leaks out of the core at 51. Figure 7a 
illustrates how the magnetic flux (shown by field lines 48) 

25 instead follows the whole core. The flux shield 44 thus con- 
trols the magnetic flux by preventing it from leaking out of 
the core. The current that moves through the high-voltage 
winding results in a current being induced in the aluminium 
tube, and the current is distributed in such a way that the 

30 flux cannot leak out of the core. Since the magnetic flux 

cannot pass through the non-magnetic flux shield of alumini- 
um, the flux in the core is equally great everywhere. 

Figure 8 shows the flux shield according to the preferred 
35 embodiment of the present invention on its own. Figure 8a is 
a perspective view of the flux shield in the form of the alu- 
minium tube 52. The tube 52 is provided with a slit 53 to 
prevent a transformer according to the above from being 
short-circuited, the slit being parallel to the centre axis 
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of the tube. Figure 8b shows a cross section of the tube 52 . 
with the slit 53. The figure shows that the slit in the pre- 
ferred embodiment of the present invention does not pass 
straight through the wall of the tube. Instead, the slit 
5 extends transversely to allow the longitudinal parallel slit- 
ted tube edges to overlap each other. Figure 8c shows an en- 
largement of that part of Figure 8b that shows the slit and 
the region around it. A slit-insulating film 54 is arranged 
in the slit to ensure that the parallel tube edges do not 

10 make contact with each other. Further, an aluminium foil 55 
is arranged so as to cover the slit 53 and the slit-insula- 
ting film 54 in order thus to locally minimize the flux 
leakage at the slit. The aluminium foil 55 is connected to 
one of the parallel tube edges 56 in the slit. According to 

15 one embodiment of the invention, the metal foil is at least 
as thick as the depth of penetration at the frequency for 
which the electrical machine is designed. According to one 
embodiment, the metal foil surrounds between 10% and 25% of 
the circumference of the electrical machine. 

20 

Figures 9 and 10 schematically show an electrical machine 
according to one embodiment of the invention with only one 
field-equalizing member in the form of a lacquered wire 56 
wound around both the core 57 and the cable consisting of a 

25 conductor 58 and an insulation 59. Figure 9 shows the section 
designated B-B in Figure 10. Figure 10 shows the section de- 
signated A-A in Figure 9. On both sides of the high-voltage 
winding 60, insulating layers 61 are provided. The field- 
equalizing member runs two turns around the cable for each 

30 turn it runs around the core. 

Figure 11 shows an embodiment of the present invention, in 
which the field-equalizing member 62 in the form of a winding 
forms one unit 63 with the cable 64. The cable is inserted 
3 5 into an insulating sleeve 65 in which the field-equalizing 
member is integrated in the form of a winding 62 . The end 66 
of the wire that constitutes the winding 62 is exposed at 
that end of the sleeve which is intended to be in contact 
with the high-voltage winding. This means that the field- 
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equalizing member may be brought into contact with the high- 
voltage winding. 

The embodiments described above are only to be regarded as 
5 examples. A person skilled in the art should realize that the 
above embodiments may vary in a number of ways without depar- 
ting from the inventive concept. For example, the soot part- 
icles need not be used in the semiconducting layers. Alterna- 
tively, other substances, such as metal oxides, may be used 
10 instead. 

The slit in the tube need not, of course, extend transversely 
but may pass straight through the tubular wall. 

15 The flux shield need not be of aluminium but may be of any 
other non-magnetic material, such as copper. 

If a material other than aluminium is used in a flux shield 
in the form of said tube, a foil of this other material is 
20 advantageously used to surround the tube. 



25 
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1. An electrical machine comprising a core (10) of a magnetic 
material, a first insulating layer (14) of a solid electri- 

5 cally insulating material surrounding the core, a high-vol- 
tage winding (17) in the form of an electric conductor wound 
around a first part (16) of the first insulating layer, a 
field-equalizing member (19) arranged around a second part 
(18) of the first insulating layer and a second insulating 

10 layer (20) of a solid electrically insulating material sur- 
rounding the high-voltage winding and the field-equalizing 
member, wherein the field-equalizing member comprises at 
least a first sub-member in the form of a winding (27, 28, 
37, 38), wherein an electric cable conductor (31) is intended 

15 to be connected to the high-voltage winding at the field- 
equalizing member. 

2. An electrical machine according to claim 1, wherein the 
field-equalizing member (19) comprises a first and a second 

20 sub-member in the form of windings (27, 28, 37, 38). 

3. An electrical machine according to claim 2, wherein the 
first sub-member is wound so that it adjoins the outside of 
the first insulating layer (14), and wherein the second sub- 

25 member is wound so that it adjoins the inside of the second 
insulating layer (20). 

4. An electrical machine according to any of claim 2 or 3, 
wherein said first and second sub-members are individually 

30 connected to a ground connection at one end, 

5. An electrical machine according to claim 2 or 3, wherein 
said first and second sub-members are individually connected 
to the high-voltage winding at one end. 

35 

6. An electrical machine according to claim 2 or 3, wherein 
said first and second sub-members are individually connected 
to a ground connection at a first end and to the high-voltage 
winding at" a second end. 
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7 . An electrical machine according to any of the preceding 
claims, which also comprises an electric cable conductor (31) 
that is surrounded by a third insulating layer (32) of an 
electrically insulating material , v said cable conductor being 

5 connected to the high-voltage winding (17) and partly arrang- 
ed between the first and second insulating layers (14, 20) . 

8. An electrical machine according to claim 1, wherein the 
field-equalizing member (19) is inductive. 

10 

9. An electrical machine according to any of claims 2-7, 
wherein the field-equalizing member (19) is inductive. 

10. An electrical machine according to claim 9, wherein the 
15 number of winding turns for said first and second sub-members 

is different. 

11. An electrical machine according to claim 9 or 10, wherein 
the number of winding turns for said first and second sub- 

20 members is chosen so that the voltage induced across each of 
the sub-members is the same as across the high-voltage wind- 
ing (17) when an alternating voltage is applied to the high- 
voltage winding. 

25 12. An electrical machine according to claims 2-7 or 9-11, 
wherein said first and second sub-members each comprise a 
lacquered wire (25, 26) . 

13. An electrical machine according to claim 1, wherein the 
3 0 field-equalizing member (34) is capacitive. 

14. An electrical machine according to claims 2-7, wherein 
the field-equalizing member (34) is capacitive. 

3 5 15. An electrical machine according to claim 14, wherein said 
first and second sub-members each comprise a tape (35, 36) 
that is wound in overlapping turns so that a capacitive coup- 
ling is formed between each turn. 
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16. An electrical machine according to claim 15, wherein the. 
tapes (35, 36) are wound so that an essentially linear vol- 
tage distribution over the length of the sub-members is ob- 
tained. 

5 

17. An electrical machine according to any of claims 15-16, 
wherein the tapes (35, 36) comprise an insulating film (41) 
and a semiconducting film (42) . 

10 18. An electrical machine according to claims 15-16, wherein 
the tapes (35, 36) comprise a metallized film with regular 
interruptions in the metallization in a longitudinal direc- 
tion of the film. 

15 19 . An electrical machine according to any of the preceding 
claims, which also comprises a first semiconducting layer 
(13) that is in contact with and is surrounded by the first 
insulating layer (14), a second semiconducting layer (15) 
provided between the first insulating layer and the high- 

20 voltage winding (17) in contact with both the first insula- 
ting layer and the high-voltage winding, a third semiconduc- 
ting layer (21) provided between the second insulating layer 
(20) and the high- voltage winding in contact with both the 
second insulating layer and the high-voltage winding, and a 

25 fourth semiconducting layer (22) that is in contact with and 
surrounds the second insulating layer. 

20. An electrical machine according to any of the preceding 
claims, which also comprises a flux-shielding member (12) for 

30 controlling a magnetic flux in the core (10), said flux- 
shielding member surrounding the core. 

21. An electrical machine according to claim 20, wherein the 
flux-shielding member (12) is provided between the core (10) 

35 and the first insulating layer (14) . 

22. An electrical machine according to claim 21, wherein the 
flux-shielding member (12) is provided between the core (10) 
and the first semiconducting layer (13). 
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23. An electrical machine according to claims 20-22, wherein, 
the flux-shielding member (12) comprises a tube (44) of an 
electrically conducting non-magnetic material, in which tube 
induced currents are formed which- prevent the flux from leak- 

5 ing out of the core (43) so that an essentially linear vol- 
tage distribution is obtained across the core. 

24. An electrical machine according to claim 23, wherein said 
tube (52) has a slit (53) along a longitudinal axis for the 

10 core (43) to avoid short-circuiting of the electrical machi- 
ne . 

25. An electrical machine according to claims 23-24, wherein 
said tube (44) is of aluminium. 

15 

26. An electrical machine according to claim 24 , wherein a 
slit-insulating film (54) is arranged in said slit (53) and 
an aluminium foil (55) is arranged above said slit and slit- 
insulating film, the aluminium foil being in contact with the 

20 tube on one side of the slit. 

27 . Use of an electrical machine according to any of the pre- 
ceding claims as a transformer for transformation of high- 
voltage into mains voltage. 

25 

28. Use of an electrical machine according to claims 1-26, 
operating under a square voltage. 

29. Use according to claim 27, in applications with high- 
30 voltage direct current. 

30. Use of an electrical machine according to any of the pre- 
ceding claims, in a reactor for equalizing a voltage. 

35 
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